Abstract-Cardiovascular diseases (CVD) represent the highest burden of disease globally. Medicines are a critical intervention used to prevent and treat CVD. This review describes access to medication for CVD from a health system perspective and strategies that have been used to promote access, including providing medicines at lower cost, improving medication supply, ensuring medicine quality, promoting appropriate use, and managing intellectual property issues. Using key evidence in published and gray literature and systematic reviews, we summarize advances in access to cardiovascular medicines using the 5 health system dimensions of access: availability, affordability, accessibility, acceptability, and quality of medicines. There are multiple barriers to access of CVD medicines, particularly in low-and middle-income countries. Low availability of CVD medicines has been reported in public and private healthcare facilities. When patients lack insurance and pay out of pocket to purchase medicines, medicines can be unaffordable. Accessibility and acceptability are low for medicines used in secondary prevention; increasing use is positively related to country income. Fixed-dose combinations have shown a positive effect on adherence and intermediate outcome measures such as blood pressure and cholesterol. We have a new opportunity to improve access to CVD medicines by using strategies such as efficient procurement of low-cost, quality-assured generic medicines, development of fixed-dose combination medicines, and promotion of adherence through insurance schemes that waive copayment for long-term medications. Monitoring progress at all levels, institutional, regional, national, and international, is vital to identifying gaps in access and implementing adequate policies.
M
edicines are an essential building block of a functioning health system and represent a substantial part of total health expenditure. 1 The objectives of this review are to give an overview of access to medication for cardiovascular disease (CVD) from a health system perspective 2 and to describe strategies that have been used to promote access, including providing medicines at lower cost, improving medication supply, ensuring medicine quality, promoting appropriate use, and managing intellectual property issues.
A comprehensive systematic review is outside the scope of this article. Instead, we summarize key evidence in published and gray literature related to advances in access to cardiovascular medicines using the 5 health system dimensions of access: availability, affordability, accessibility, and acceptability ( Table 1) .
Burden of CVD and Risk Factors
CVDs represent the leading causes of death globally, 3 with an estimated 17.3 million deaths in 2013, representing about a quarter of all global mortality. 4 Approximately 80% of these deaths occur in low-and middle-income countries (LMICs). 5 Ischemic heart disease and stroke are the number 1 and 3 causes of death, respectively, according to the Global Burden of Disease estimates of 2013. 4 The rise in global CVD prevalence is rooted in part in demographic shifts (population growth and aging) and the increased prevalence of risk factors (elevated blood pressure, diabetes mellitus, smoking, alcohol, obesity, lack of exercise, and unhealthy diet). 6 LMICs bear the principal burden of other CVDs, particularly rheumatic heart disease and heart failure. Rheumatic heart disease is more prevalent in LMICs than in highincome countries and may affect up to 36 million people worldwide. 7, 8 Primary and secondary prevention programs rely on long-term penicillin therapy. Multiple registries in rural and urban low-income countries document the predominance of heart failure as the principal manifestation of CVD.
Pharmacotherapy as Prevention and Treatment
In addition to lifestyle interventions to mediate modifiable risk factors, medications are integral to CVD control strategies. Blood pressure-lowering therapy using 1 or a combination of medications is key in the prevention and treatment of CVD. Globally, ≈62% of cerebrovascular and 49% of ischemic heart disease have been attributed to suboptimal control of blood pressure. 12 Because abnormal blood lipids have been established as a major CVD risk factor, the development of medicines to lower lipids has had an important impact on the prevention and treatment of CVDs. Statins (3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) can reduce the risk of major cardiovascular events by 20%, and the benefits of statin therapy increase with duration. 13, 14 In addition, antiplatelet drugs such as low-dose aspirin have an important role in preventing ischemic heart disease and stroke. 15 Because the mechanisms of action of major pharmacotherapeutic options for CVD (blood pressure-lowering, lipid-lowering, and antiplatelet drugs) are largely independent, fixed-dose combinations (FDCs) of these effective medicines have been promoted. 15 Among the "best buy" prevention and control interventions for CVD identified by the World Health Organization (WHO) is multidrug therapy for patients with ≥30% risk of developing heart attack and stroke within 10 years. 16 Such therapy includes blood pressure-lowering medicines, blood glucose control for patients with diabetes mellitus, lipid-lowering medicines, and antiplatelet medicines for secondary prevention of myocardial infarction. 17, 18 In LMICs, medication therapy for secondary prevention of rheumatic fever with intramuscular penicillin is cost-effective. 19 Heart failure caused by cardiomyopathies, hypertension, and rheumatic heart disease requires long-term therapy with combinations of diuretics, angiotensin-converting enzyme (ACE) inhibitors, and β-blockers. 20 Ideal medical therapy for the array of CVD in LIMICs will require access to several classes of CVD medicines addressing both endemic and emerging CVDs.
However, despite the clear evidence base for medicines to prevent and treat CVD, there is a wide gap between patients in need of treatment and those who actually receive it. Several large-scale studies have been conducted to estimate the access gap to CVD treatment. A literature review by Ibrahim and Damasceno 21 estimates the percentage of patients diagnosed with hypertension but not adequately controlled; the authors found that only 10% of all patients with identified hypertension had blood pressure within the target range.
Two large, multicountry studies, the WHO Prevention of Recurrences of Myocardial Infarction and Stroke (PREMISE) 22 study and the Prospective Urban Rural Epidemiological (PURE) study, 23 assessed the use of secondary prevention therapy for CVD predominantly in urban and rural areas of LMICs. The PREMISE study analyzed whether patients received the indicated therapy. 22 The authors found that in 10 LMICs the proportion of patients with CVD who had received medications was low for β-blockers (48% for coronary heart disease), ACE inhibitors (40% for coronary heart disease and 38% for stroke), and statins (30% for coronary heart disease and 14% for stroke). The PURE study analyzed the use of 5 therapeutic classes in 17 LMICs among patients with known CVD. Only a quarter of CVD patients (25%) reported receiving antiplatelet drugs, 17% received β-blockers, 20% received ACE inhibitors or angiotensin receptor blockers, and 15% received statins.
23 A country's economic level had a greater effect on the probability of taking medicines than individual factors such as age and sex. 23 Whereas the previously mentioned studies examined access across different countries, a more recent large, multinational study evaluated within-country variation in access to cardiovascular medicines. 24 Analysis of household data from 6 countries (Cambodia, Colombia, Iran, Malawi, South Korea, and the United States) showed that about two thirds of individuals in high-income countries were receiving treatment for hypertension compared with <50% of individuals in low-or lower-middle-income countries. 24 Within-country differences were large in Colombia, Iran, Malawi, and South Korea.
Improving access to medicines for CVD is an essential component of worldwide programs to reduce the access gap to treatment for CVD. 
The 5 Dimensions of Access to Medicines
There is not 1 universally accepted definition of access to medicine. A widely used construct describes 5 dimensions of access: availability, affordability, accessibility, acceptability, and quality of medicines as a cross-cutting dimension (Table 1) . 25 Availability refers to the relationship between the type and quantity of a medicine required and type and quantity delivered. Affordability refers to the ability of the user to pay for the product measured as the ratio of medicine price and household income. 26 Factors affecting affordability are patent status of the medicine, market authorization requirements, and pricing and reimbursement policies, among others. Accessibility refers to the ability of the person to access medicines when in need; it considers travel distance and time, as well as opening hours of facilities, ability to be seen, etc. Acceptability, also referred to as adoption, describes how medicines are used in real-world settings, including their appropriate prescription by providers according to evidencebased guidelines and adherence by patients. 27 Finally, quality of medicines refers to the standards defined and approved by the national medicines regulatory authority such as dose of active ingredient and dissolution time for tablets. A substandard medicine is one that is produced by manufacturers and authorized by the national medicine regulatory authority but does not meet quality specifications set by national standards (inadequate dose of active ingredient, longer dissolution time, etc). 28 What medicines should be given priority in decisions about financing and provision? The biannually updated WHO Model List of Essential Medicines serves as a guide for countries to draft their own prioritized medication list to address the local health needs. 29 Medicines are selected via an evidence-based process, with due regard to public health relevance, evidence on efficacy and safety, and comparative cost-effectiveness, but the comparative cost-effectiveness has been shown to be difficult to apply at global level. 30 The current 19th model list includes 23 different CVD medicines (Table 2) . 31 More than 123 countries have an essential medicine list. However, a study from 13 countries in sub-Saharan Africa found that 40% of countries had not updated their essential medicine list in the last 5 years. 32 Large differences exist among medicines included in the national essential medicine list that cannot be explained by variation in disease burden or clinical guidelines alone ( Figure) . We evaluated the available country essential medicine lists for the presence of key medicines necessary for secondary prevention of CVD, including low-dose aspirin (≤150 mg), β-blocker, ACE inhibitor, and statin. Countries are grouped by The World Bank income classification (http://data.worldbank.org/about/country-and-lending-groups). A full list of the countries included is available in Table I in the online-only Data Supplement. Highincome countries are excluded because only 13 have available essential medicine lists. β-Blockers and ACE inhibitors are the therapeutic groups listed by most countries (≈90%); aspirin and statins are listed less frequently. Low-income countries in general include CVD medicines less frequently than higher-income countries. The lower percentage of statin inclusion in the national essential medicine list in low-income countries may be related to the lower prevalence of hyperlipidemia compared with high-income settings. 33 However, heart *"Methyldopa is listed for use in the management of pregnancy-induced hypertension only. Its use in the treatment of essential hypertension is not recommended in view of the availability of more evidence of efficacy and safety of other medicines." 31 †For the prevention of rheumatic heart disease. ‡We listed these medicines because they are included in the "best buy" strategies of the World Health Organization to reduce cardiovascular diseases. This article focuses on access to medicines for cardiovascular disease, not specifically to these medicines. failure-specific β-blockers are less frequently listed in lowincome countries (17%) compared with lower-middle-(55%) and upper-middle-(47%) income countries, even though heart failure among CVD patients is common in low-income settings. [9] [10] [11] Taking all 4 secondary prevention therapeutic groups together, only about half of the countries include at least 1 medicine of each group on their essential medicine list.
Availability of Cardiovascular Medicines
To measure availability of medicines, Health Action International (HAI) and the WHO have conducted standardized surveys in >70 countries. The HAI/WHO methodology assesses availability during facility inspections, noting whether a medicine that should be in stock is or is not physically present. 34 A meta-analysis of surveys from 36 countries assessed access to 5 cardiovascular medicines of different classes: atenolol, captopril, hydrochlorothiazide, losartan, and nifedipine. 35 The authors found that cardiovascular medicines were available in only 26% of public and 57% of private facilities. 35 In general, availability of generic medicines for acute conditions was higher than for chronic conditions in both public and private sectors. For the public sector, availability was 54% for a basket of generic medicines for acute conditions and 36% for generic medicines for chronic conditions (P=0.001). For the private sector, availability was 66% for generics for acute conditions and 54% for generics for chronic conditions. 36 
Affordability of Cardiovascular Medicines
Affordable medicines should be purchased at prices that do not distress a household's finances. Medicine prices can be compared with the international reference price: the median of the actual procurement prices for medicines offered to lowand middle-income countries by nonprofit drug suppliers and international tender prices. It has been used widely to compare local prices with a benchmark price internationally using the HAI/WHO methodology. The HAI/WHO methodology defines affordability relative to the salary of the lowest paid government worker. Other methods define medicine as unaffordable when the total cost exceeds 20% of the household capacity to pay. 34 The HAI/WHO standardized survey results in >70 countries also provided relevant information on affordability of cardiovascular medicines. Although the prices of governmentprocured generic medicines varied from 1.5 to 3 times the international reference prices, the same generic products sold to patients cost ≈15 times the international reference prices in the public sector and ≈30 times the international reference prices in the private sector. 37 Treatment for CVD in general was not affordable in the majority of countries, particularly in low-income countries. 35 In the public sector, a 1-month supply of 1 generic CVD medicine cost on average 2.0 days' wages, and 1 originator brand CVD costs on average 8.3 days' wages for the lowest paid government worker. Atenolol was the most affordable of all cardiovascular medicines studied (1.1 days' wage). Combination therapy for CVD is largely unaffordable. Since the publication of the Cameron et al 37 article in 2009, 9 peer-review publications reporting 20 additional surveys have demonstrated similar findings. 34 Importantly, postmanufacture costs are generally borne by patients and include duties, taxes, markups, and additional charges. A recent study evaluated the affordability of combination therapy (aspirin, β-blocker, ACE inhibitor, and statin) for the secondary prevention of CVD using a threshold of 20% of a household's capacity to pay. In lower-middle-and low-income countries, a 4-drug combination was not affordable for 33% and 60% of households, respectively. 38 The patent status of a medicine affects access because of the effects on affordability. Medicines that are protected by patents are on average more expensive and less affordable than off-patent medicines because patented medicines generally lack market competition. According to information from the US Food and Drug Administration 39 and the European Patent Office, 40 there appear to be no unexpired patents on 5 commonly used cardiovascular medicines: atenolol, captopril, hydrochlorothiazide, losartan, and nifedipine. Patents should not represent a major access barrier to CVD monotherapy in the United States and Europe. Additionally, several patented combinations of medicines in the same classes in the US market (atenolol/chlorthalidone and losartan/hydrochlorothiazide) have already expired. However, there are 12 existing US patents on adult and pediatric hydrochlorothiazide combinations that will expire in the next decade. The existence of patents on these combinations that include hydrochlorothiazide may also present a barrier to their affordability in other countries where such patent protection may also exist for these particular combinations (Tables II and III in the online-only Data  Supplement) .
Apart from price and its relation to patents, affordability is closely related to financing. There is substantial evidence that an increase in copayments for medicines results in a decrease in use of the medicine; however, the only evidence available comes from high-income countries. 41 Most high-income countries have instituted some form of social protection in which individuals are insured against large health care-related expenditures, including the cost of medicines.
Health financing in LMICs is particularly relevant for chronic CVD medicines, for which expenditures are recurrent. One example of an insurance program that includes medicines for a number of CVD in the outpatient benefit package is Seguro Popular in Mexico. A 2005 household survey showed that beneficiaries had a 50% higher probability of receiving antihypertensive treatment and achieving blood pressure control than nonbeneficiaries. 42 Selection bias may exist because enrollment in Seguro Popular is voluntary. However, because affiliation in Seguro Popular is high among previously uninsured people, it is difficult to argue that the effect of this insurance program on use of CVD medicines is due purely to motivation.
Accessibility of CVD Medicines
Accessibility is another important dimension of access to medicines. Medicines may be available at affordable prices in a given region of a country. However, patients must be able to obtain the medicines. 43 In some low-income countries, absenteeism of public-sector health workers may be as high as 35% to 68%. 44, 45 Poor accessibility is related to suboptimal management of hypertension and secondary prevention of CAD. In Ethiopia, living within 30 minutes of a public-sector hospital was associated with improved adherence to antihypertensive therapy. 46 A recent household study from 5 low-and middle-income countries (Uganda, Philippines, Kenya, Ghana, and Jordan) shed light on how geographical location may influence accessibility to medicines for noncommunicable disease (NCD), although the findings are not consistent. 47 Ugandan household members living in the capital had increased access to NCD medicines. One underlying reason may be long travel time to the health facility: In Uganda, 35% of households had to travel >15 minutes to reach a health facility. In contrast, in Jordan, only 5% of households had no health facility within 15 minutes' travel time. With just 16% of Ugandan households having access to medicines for NCDs, it was the country with the lowest percentage. Jordan had the highest percentage (49%).
Acceptability of Cardiovascular Medicines
Medicines for CVD must be acceptable to both providers and patients, and a host of factors affect behavior for both groups. Patients hospitalized for acute coronary syndromes in India experience wide variation in care. Notably, patients in the lowest socioeconomic classes are less likely to receive evidence-based treatment, including aspirin, β-blockers, statins, and thrombolytics, even when treated in the same hospital as people of higher socioeconomic classes. 48 One study of patients with heart failure in a rural hospital in Haiti where medicines were both available and free for patients illustrates the barrier to provider acceptability. On discharge, only 21% of patients with heart failure caused by cardiomyopathy were treated with the evidence-based combination of diuretic, β-blocker, and ACE inhibitor. 10 Changing provider behavior will require multifaceted approaches. A systematic review of barriers of hypertension management noted that providers frequently disagreed with clinical recommendations. 49 Secondary prevention of rheumatic heart disease requires long-term penicillin, and injections are more efficacious than oral administration. 50 However, because of the perceived high risk of anaphylaxis with penicillin and reuse of needles, there is still resistance to using intramuscular penicillin among some providers. The perceived safety issues have even resulted in government regulations prohibiting penicillin injections in hospitals and clinics in parts of India in the past. 51 Locally adapted clinical guidelines inclusive of local government and civil society organizations will be needed to improve physician acceptability in using cardiovascular medicines.
Among patients, forgetting to take 1 or several medicines is a key barrier to adherence. 52 Because CVD risk reduction requires modifying several risk factors, polypharmacy is often the norm. To address acceptability of prevention and treatment, various authors [53] [54] [55] have suggested that a combination of several cardiovascular medicines in 1 FDC form ("polypill") would increase adherence, reduce delivery costs, and ease supply-chain burdens. FDCs have been used successfully to treat other conditions, including HIV, tuberculosis, and hypertension. Polypills with different components have been proposed for either primary or secondary prevention of CVD. 52 A 2004 WHO report identified the polypill as having potential value for secondary prevention in patients with existing CVD and recommended a research agenda. 53, 54 In 2009, The Indian Polycap Study (TIPS) demonstrated that a 5-drug polypill was well tolerated. 55 The Use of a Multidrug Pill in Reducing Cardiovascular Events (UMPIRE) trial showed a positive effect on adherence and intermediate outcome measures such as blood pressure and low-density lipoprotein cholesterol levels. 56 Adequately powered, large-scale, clinical trials will be needed to detect differences in clinically important outcomes such as mortality, to assess the safety of combinations, and to evaluate unintended collateral harms such as neglecting improved diet and exercise as a result of the perceived security of improved medication adherence. 57 Such studies would need to be publicly funded because the components in the different polypills are all individually off patent and the cost of undertaking such large trials is likely beyond the means of generic manufacturers.
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Quality of Cardiovascular Medicines
In addition to the other 4 access dimensions, the risk of substandard quality or falsification of medicines must be managed to achieve desired health outcomes. The concern about the low quality of medicines is shared among all countries regardless of income category. 60, 61 Substandard medicines can be defined as those produced by manufacturers and authorized by the national medicine regulatory authority that do not meet quality specifications set by national standards (lower dose of active ingredient, longer dissolution time, etc). 60 However, markets with less control over imports, distribution chains, and retail outlets are more vulnerable to low-quality product entry. 62 Falsified medicines can be defined as those that "carry a false representation of identity, or source, or both," and many falsified medicines are also substandard. 62 Quantifying the problem of substandard or falsified medicines is difficult because quantification is resource intensive and fraught with methodological challenges such as a lack of information on market size. A study in Rwanda focusing on cardiovascular medicines that showed 2 of 10 products purchased from private outlets were substandard. 61 There are, however, multiple strategies to address substandard quality of medicines (Table 3) . A discussion of each individual strategy is beyond the objectives of this article. Instead, we provide 2 examples: one focusing on medicines procurement and the other on the consumer. An intervention at the level of procurement is the regular quality testing carried out by large procurement agencies aimed at selecting only manufacturers or distributors that consistently supply products that pass the quality tests. A consumer-side intervention is the printing of a unique code on the product for verification. At the point of purchase, consumers can scratch off a label revealing the code that can be sent via short message service to a central database. 62 The consumer will receive an instant response verifying or refuting the authenticity of the product. Medicine manufacturers selling their products on the Nigerian pharmaceutical market have used such a verification system.
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Discussion and Recommendations
Challenges
Many challenges to improving access to CVD medicines remain (Table 4) . First, inequity in access to medicines is a serious barrier to achieving universal health coverage. The adoption of financial protections in the form of tax-based or obligatory insurance is one important step, although it will take many years for countries currently investing in coverage scale-up to effectively provide for all their population. 65 Monitoring progress not only in terms of availability and affordability of medicines in health facilities but also in terms of equity of access is relevant. The WHO is building a consensus on indicators to measure equity in access to care, including medicines, in relation to universal health coverage. 66 Even though the proportion of household income spent on medicines would be a suitable measure, it is difficult to implement because of a lack of resources to collect periodic data. However, it is expected that with the need to measure progress on universal healthcare coverage, more countries will move toward collecting health care-related expenditure, including medicines, from household surveys.
With respect to patent protection, we note that the US Food and Drug Administration has recently finalized a new policy that will for the first time allow new FDC drugs consisting of at least 1 new drug product to be eligible for 5 years of "new chemical entity" market exclusivity, even if the other components of the combination have already been marketed and regardless of any patent. For companies with existing FDCs on the US market, the US Food and Drug Administration will not apply the policy retroactively. 67 The patenting of FDCs for CVD will pose a challenge to generic manufacturers 60 Authorization for this adaptation has been obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
by guest on August 31, 2017 http://circ.ahajournals.org/ Downloaded from wishing to enter the market, especially in jurisdictions that continue, at least in the foreseeable future, to have reduced requirements for substantive patent examination (eg, South Africa, Malaysia, France, Italy, Spain, Switzerland, Belgium, and Israel). 68 The Indian Patent Act 64 offers a useful model: Unless a new form of an already-existing CVD FDC shows increased efficacy, it should not be patentable. If it demonstrates increased efficacy, then it is treated as an altogether new and potentially patentable substance.
Currently, donor support to finance prevention and control of NCDs, including CVD, is sparse compared with other areas such as HIV. Unprecedented, continuous donor support for more than a decade made it possible to achieve increased access to antiretroviral therapy globally. However, only 0.6% of all development aid for health was spent on NCDs in 2010. 69 Access to medicines for NCDs is lagging. The costs of providing the best buy strategies recommended by the WHO, a multidrug regimen for individuals at high risk of CVD plus measures to prevent cervical cancer, have been estimated at US $1 per person per year in low-income countries, less than US $1.5 in lower-middle income, and US $2.5 in upper-middle income countries. 70 Even though these might be affordable to middle-income countries, low-income countries might still depend on donor support.
Opportunities
From a health system perspective, there are many important opportunities to accelerate progress to medicines access for CVD. First, 192 countries expressed their commitment to lower NCD mortality 25% by 2025. One of the key strategies to achieve this goal is to increase availability to essential medicines for the prevention and treatment of CVD, in particular those medicines that are key for secondary prevention of myocardial infraction and stroke (antiplatelet drugs, β-blockers, ACE inhibitors, statins). The indicator to measure this voluntary country goal is the availability of essential CVD medicines at health facilities with a target level of 80%, which means that medicines in all 4 of the key categories are in stock at the time of the inspection in 80 of 100 facilities. 71 In addition, regular monitoring with a standardized method needs to be addressed. 72 Second, with respect to affordability, production costs of the large majority of cardiovascular medicines are low, making them, in theory, affordable to countries of all income levels. Promotion of low-cost, quality-assured generic medicine policies is critical, not only in the public sector and within insurance schemes but also in the private sector. At the same time, it is important that production remains profitable to manufacturers. It has been reported that for some cardiovascular medicines such as thiazide diuretics, production was abandoned in some countries because the price was too low to allow a sufficiently large profit margin to make production attractive to the manufacturer. 73 Third, in terms of accessibility and acceptability, new delivery mechanisms such as the polypill for secondary prevention have the potential to increase availability and adherence and to result in a higher impact on health outcomes than traditional multidrug regimens. Some clinical trials have already shown promising results. Additionally, combination therapy might offer logical advantages: simplification in the procurement process and savings in the supply chain.
Improving access to medicines for CVD is a key strategy to substantially decrease morbidity and mortality from NCDs globally. The foundation has been laid by the commitment of 192 countries to achieve a reduction in NCD mortality of 25% by 2025. The health systems approach presented here can help to develop more comprehensive strategies to achieving universal access to cardiovascular medicines in the coming years in all countries. 
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